Current evidence suggests that high-fiber diets, especially of the soluble variety, and soluble fiber supplements may offer some improvement in carbohydrate metabolism, lower total cholesterol and low-density lipoprotein (LDL) cholesterol, and have other beneficial effects in patients with non-insulindependent diabetes mellitus (NIDDM). Diets enriched with wheat bran and guar gum induce 10-20% reductions in serum cholesterol and LDL in both normoand hypercholesterolemic subjects and have the ability to blunt the hypertriglyceridemic effects of diets high in carbohydrate and low in fiber. In insulin-dependent diabetes mellitus (IDDM) the situation is less clear, but a decrement of the circadian glucose profile has been shown. Americans, in general, consume too little fiber. With the need to restrict fat and reduce protein, an increase in carbohydrates is mandatory. A practical goal would be to establish the present level of fiber intake (15-30 g/day) and to gradually increase it. An intake of up to 40 g of fiber per day or 25 g/1000 kcal of food intake appears beneficial; in many individuals on weight-reducing diets higher levels may be unacceptable because of gastrointestinal side effects. The level of maximum benefit has not been determined. Fiber supplementation appears beneficial only if given with a diet comprising approximately half of the calories as carbohydrate. Foods should be selected with moderate to high amounts of dietary fiber from a wide variety of choices to include both soluble and insoluble types of fiber. Insufficient data are available on the long-term safety of high-fiber supplements. People at risk for deficiencies, such as postmenopausal women, the
elderly, or growing children, may require supplements of calcium and trace minerals. People with upper gastrointestinal dysfunction are at risk of bezoar formation and cautioned against a diet high in fiber of the leafy vegetable type. Careful attention must be paid to insulin dose because hypoglycemia can result if there is a radical change in fiber intake and insulin dose is not reduced appropriately. Care must be exercised in the use of "novel" fibers, including the wood celluloses, because little is known of their safety and efficacy. Diabetes Care 11:160-73, 1988 T he diabetic diet has undergone considerable revision, often without scientific basis, yet a number of highly controversial issues remain. Central to these issues is the liberalization of carbohydrate intake and the recommended increases in consumption of fiber. In the 1971 guidelines of the American Diabetes Association (ADA), a liberalized carbohydrate intake was recommended but no specific mention of the fiber content was made (1) . In the 1979 policy statement, the ADA recommended reducing the intake of fat and increasing that of complex carbohydrates to -5 0 % of the total calories with the ingestion of foods high in fiber as desirable (2) . Dietary advice to patients with diabetes continues to emphasize the virtues of complex carbohydrates rich in fiber, but the dogma is coming under closer scrutiny and remains a controversial issue (3) (4) (5) (6) . These diets are substantially different from the average American diet, and it has been suggested that they may not be effective if the insulin secretory capacity is compromised. These diets may prove unacceptable in certain people and may have untoward effects in patients with autonomic neuropathy (7, 8) . In addition, they have not been tested adequately in special subsets of patients whose vitamin and mineral status may in the long term be at risk.
We briefly review the history of dietary vicissitudes in diabetes, including what the term fiber means and its possible mode of action. More recent studies will be reviewed that have shed light on the value of fiber management of diabetes, obesity, hyperlipidemia, and the special needs of subsets of patients with diabetes. Recommendations will be made that are based on the evidence adduced.
HISTORICAL NOTE
High-carbohydrate diets are not new to diabetes. More than 2000 years ago, physicians in India were treating type II (non-insulin-dependent) obese diabetic patients with high-carbohydrate diets containing cereal grains and legumes. Some 1900 years ago, Aretaeus of Cappadocia (9) advised people with the symptoms of diabetes to eat a diet consisting of milk, cereals, and starch. Other famous protagonists of high-carbohydrate diets were von Duering (10) , who in 1868 introduced the rice diet, Mosse (11) , who developed the potato diet in 1903, and van Noorden (12) , who in 1912 recommended oatmeal as a cure. It took almost a quarter of a century for these suggestions to be examined seriously, and Himsworth in 1935 (13) showed that in normal healthy subjects the ingestion of a diet high in carbohydrate improved glucose tolerance. This he attributed to increased insulin sensitivity.
The first suggestion that dietary fiber may be involved with diabetes was made by Trowell (14) . Diabetes was rare in the ancient empires of Rome and Greece. It was also rare in primitive people living in rural East Africa who had high-fiber intakes but became prevalent with the processing of food. Trowell also noted that the diabetes mortality during World War II closely followed the use of low-extraction, low-fiber white flour in place of the high-extraction, high-fiber natural flour (15) . In 1976, Trowell hypothesized that fiber-depleted diets are conducive to diabetes in susceptible human genotypes. This hypothesis is supported by the relative rarity of diabetes in adult African men (1%), who consume 10-25 g of crude fiber per day, and the frequency of diabetes in American and British men (>3%), who eat 3.5-11 g of crude fiber per day (16) (17) (18) .
In the mid to late 1970s, Anderson and colleagues (19) (20) (21) (22) showed that diabetic subjects fed a diet high in carbohydrate and fiber had reduced blood glucose levels and diminished insulin requirements. At the same time, Jenkins and colleagues (23, 24) demonstrated that purified viscous fiber without alteration in the carbohydrate intake reduced postprandial glucose and insulin responses to test meals in both diabetic and nondiabetic volunteers. Addition of purified viscous fiber to metabolic diets resulted in reduced urinary losses of glucose and ketone bodies (25) . The results of these studies have been confirmed by others (26) (27) (28) (29) (30) (31) .
These epidemiological leads and the evidence that has accumulated on use of fiber in treatment of diabetes have led to recommendations by the American (2), Canadian (32) , and British (33) Diabetes Associations to increase fiber as a means of reducing the postprandial blood glucose rise. In fact, the American College of Cardiology has now adopted these recommendations. However, diabetes is a complex disease in which the exact relevance of postprandial hyperglycemia is not always clear, and the issue of reducing the fasting or basal blood glucose appears more important. Also obesity and hyperlipidemia may be of greater consequence in the long term than postprandial hyperglycemia. Before embarking on an examination of the different studies and their implications, the definition of the term fiber and its proposed mechanism of action must be discussed.
DEFINITION OF DIETARY FIBER
Many terms have been used interchangeably to refer to fiber. It has most recently been defined as "endogenous components of plant material in the diet which are resistant to digestive enzymes produced by man. They are predominantly nonstarch polysaccharides and lignin and may include, in addition, associated substances" (34,35). Dietary fiber should not be confused with crude fiber, which is a term referring to the residue of plant food remaining after the sequential extraction with a solvent, dilute acid, and alkali (36) and eliminates hemicellulose and soluble fiber fractions, giving a value that may be one-fifth that of the true dietary-fiber value (37) .
Several other terms are loosely used interchangeably as "fiber" but do not necessarily mean the same. Residue or bulk refers to the indigestible content of food such as is found in plant fiber but is also used to refer to increases in fecal output regardless of whether any portion of the food being referred to remains in the colon after digestion. Roughage describes certain types of foods in the diet and includes high-fiber foods. Bulk simply refers to that component of foods that has the capacity to retain water and thereby to increase the weight of the stool, such as wheat bran, which is a by-product of the milling process and comprises the outer layers of the wheat grain including the aleurone layer.
The quantitation of total dietary fiber has proved difficult until recently because of the lack of appropriate methodology. The Association of Official Analytical Chemists (AOAC), after conducting an extensive study (36) , agreed to accept a standard method (37, 38) for measuring total dietary fiber in food based on the enzymatic degradation and gravimetric determination of the residue. The needs of physiologists, however, differ from those of the analytical chemists. A standardized method is needed to quantify the content of the watersoluble and -insoluble components and identify the individual sugar polymers, polygalacturonic acids, galactomannans, (3-glucans, rhamnogalacturans, arabinogalactans, and others that may contribute to the ef-fects observed. Among the methods currently available to measure these various subfractions, the Southgate chemical fractionation procedure (37) coupled with gasliquid chromatography (38) appears to be the best available standard; it has been used by Anderson (39) to derive an extensive list of the fiber content of various foodstuffs in common usage.
For convenience, fibers may be divided into two broad classes: the so-called soluble and the insoluble. The soluble consist of the gums, gels, mucillages, pectic substances, and a portion of what used to be called the hemicelluloses. The insoluble consist of the noncarbohydrate fiber component, lignin, cellulose, and some of the hemicelluloses, especially those combined with lignin. In general, it is the soluble fibers that have been demonstrated to have effects on carbohydrate and lipid metabolism. They are fermented to gas and short-chain fatty acids in the colon and contribute little to fecal bulk because the acids are rapidly cleared. The insoluble fibers, on the other hand, are largely responsible for increasing the bulk of the feces but have little metabolic effect. The effects of the soluble fibers may relate to their ability to reduce the rate of absorption of nutrients from the bulk phase in the lumen of the small intestine (40) . In addition, soluble fibers appear to prolong the rate of gastric emptying and intestinal transit time (41) . The insoluble fibers have the opposite effects, reducing gastric emptying and intestinal and colonic transit times (42) .
There have been several attempts to determine whether the effects of fiber can be predicted on the basis of its physiochemical properties. The specific polysaccharide composition of each plant food may contribute to its biologic effects. The more pentoses in a plant food, the greater its ability to increase fecal bulk. There is also evidence that particle size may be critical and the milling process may yield particles that are coarse, which have been shown to normalize intestinal transit time (43) , whereas fine bran may have much less effect on fecal bulk and may even induce constipation (44) . Cooking and drying, boiling, or pureeing of cereals, lentils, or fruit may disrupt the fiber structure or other aspects of the food and result in the loss of capacity to normalize metabolism with lower postprandial levels of glucose and insulin (45) . Nevertheless, an exact quantitation of the effects of fiber on homeostasis based on the physiochemical properties is difficult.
The claim of "high-fiber food" by various manufacturers needs to be viewed with caution if the nature of the fiber and its effect on the food have not been demonstrated. There are a number of "novel" fibers that do not occur naturally. In addition, nonabsorbable carbohydrates are generated in the food preparation process, and even the physiochemical properties of the endogenous fiber are altered. Purified cellulose preparations are being used as a means of fortifying foods commercially (46) and wood cellulose has been used on the assumption that it represents natural fiber. Evidence is lacking that these fibers will produce the effects associated with the ingestion of fiber-containing foods. In addition, the safety and efficacy of these fibers have not been evaluated; the mechanism of action of these fibers will be reviewed in more detail.
PHYSIOLOGIC EFFECTS OF FIBER
The suggested benefits of increased intake of fiber include not only the reduction in postprandial rise in blood glucose concentration but also lower basal glucose concentration, enhanced sensitivity to insulin, and lower cholesterol level. Any theories of the mechanism of action of fiber should therefore address all these observations. Altered transit time. Early studies indicated that fiber of the gelling variety was capable of reducing the rate of bulk-phase diffusion in a model for small intestine absorption (40) . However, subsequent studies focused on the effect of viscous fiber to delay gastric emptying time (41) . It was thought that the slowing of gastric emptying was the most important mechanism for the observed effects of fiber coupled with the information that, when added to meals, postprandial hyperglycemia was reduced. However, the results of gastric emptying studies depend on the conditions at the time of testing. Much of the work relating to the slowing of gastric emptying by guar gum and pectin used hypertonic liquid test meals (41, 47, 48) and the results may not be relevant to the emptying of solid meals of dry matter (49, 50) . Harju et al. (51, 52) have used pectin and guar gum to relieve symptoms of patients with dumping syndrome. In the latter study, prolongation of the gastric emptying time for solids was noted with guar (52). Blackburn et al. (53) have shown that in diabetic subjects, although there is a delay in gastric emptying and glucose levels are reduced, there is no correlation between the two, suggesting that this mechanism might contribute but cannot be the sole mechanism contributing to the reduced postprandial responses. Effects within small intestine. The soluble fibers, e.g., guar and pectin, increase intestinal transit time (41) , whereas the insoluble fibers such as wheat bran and whole grain decrease the intestinal transit time and increase intestinal bulk. Studies with D-xylose have shown that the glucose-lowering effects may be a consequence of decreased rate of carbohydrate absorption rather than increased total glucose utilization or suppression of hepatic glucose production (40) . The possible effects of fiber within the small intestine include changes in mixing, motility, and convection; intraluminal digestion rates; thickness of the unstirred layer; inhibition of maximum transport capacity; altered pH profile; and, with long-term treatment, altered intestinal morphology. Blackburn et al. (53) , on the basis of small intestine perfusion studies in normal individuals, suggested that fiber inhibited intestinal motility and thus decreased convection. There is also some evidence from in vitro studies that the thickness of the unstirred layer may be increased by the tendency of the soluble fibers to form gels and thus to effectively create a gel-filtration system with the gut (42) . However, studies in humans showed that only with pectin was there evidence of an increase in the thickness of the unstirred water layer. With guar this was not found and here the weight of evidence points to a reduced rate of bulk diffusion (53) . There is also speculation that fiber may package carbohydrate molecules and insulate them from the digestive enzymes in the intestine and decrease access to the intestinal wall (50) . Certain high fibers may have antienzyme activity (50) . Fiber has been shown to reduce pancreatic enzyme activity and decrease pancreatic enzyme secretion (54, 55) . Gut hormone effects. As might be expected from its ability to alter the rate and site of nutrient absorption in the gut, dietary fiber has been shown to influence the release of gut hormones. The response of gastric inhibitory polypeptide (GIP), a stimulus for insulin secretion, was more attenuated in healthy diabetic subjects and in patients with postgastrectomy dumping syndrome after ingesting fiber-supplemented meals than after control meals (56, 57) . With smaller amounts of fiber, Levitt et al. (7) found no reduction in GIP response to a mixed meal but did record distinctly lower plasma glucagon responses, an observation confirmed by others (58) . Although this may have contributed to the lesser hyperglycemia, it may be due to reduction in amino acid absorption with the fiber-supplemented meal. An interesting observation has been the demonstration of an enhanced release of plasma somatostatin with fiber (59) . Somatostatin delays the absorption of carbohydrate and glucose from the small intestine and could be partly mediating the effects of fiber. Further studies are clearly needed. Peripheral metabolic effects. Numerous studies have demonstrated that the lowered blood glucose levels seen after fiber consumption are associated with either unchanged or lowered insulin levels (49, 56) . These acute effects cannot be ascribed to increased insulin sensitivity but may be due to the slowed rate of intestinal transit and an attenuated stimulus; however, the observation in some studies that chronic ingestion of fiber is associated with lower basal glucose levels and decreased urinary excretion of C-peptide (60, 61) suggest an increase in insulin sensitivity or a decreased demand for insulin. Indeed, in the studies where this has been examined (62) (63) (64) , an increase in insulin binding to monocyte receptors for insulin has been found. This effect may clearly have some importance in the obese patient. The changes in binding, however, must be separated from those of weight reduction and improvement in diabetes control.
Using an artifical pancreas (Biostator), Christiansen et al. (65a) endeavored to measure the effect of guar on insulin requirements in seven patients with insulin-dependent diabetes mellitus (IDDM). They found that the mean 24-h requirements were reduced by 12.4%. Absorption of organic substances. The cation-exchange capacity of fibers relates to their content of ionizable groups such as the uronic acid residues of the pectins and hemicelluloses. This property enables some fibers to bind minerals (64) such as calcium, iron, and zinc and to bind organic substances as well (65, 66) . Insoluble fibers such as cellulose have been shown to bind Ca 2+ , and the presence of phytin foods, rich in insoluble fiber, have been associated with minimal deficiency. It has been suggested from in vitro studies that fiber in the diet may bind cholesterol and bile salts in the gut, thus interfering in the enterohepatic circulation of cholesterol (67,68). Changes in lipid metabolism suggest that fiber may exert actions in the intestine that facilitate the lipid-and cholesterol-lowering effects of fiber (69,70). These include effects on low-density chylomicra synthesis and the site of absorption of lipids (69-79). Alternative mechanisms embrace the altered very-low-density lipoprotein (VLDL) turnover discussed elsewhere in this issue. Effects in large bowel. Bacterial fermentation of fiber in the colon generates short-chain fatty acids that may inhibit fatty acid mobilization and intestinal synthesis and decrease gluconeogenesis (45, 53) . Indeed, this has been the basis of the development of a number of putative oral hypoglycemic agents. The role of the shortchain fatty acids in enhanced glucose utilization, insulin secretion, and hepatic glucose utilization needs further elaboration.
EFFECTS OF HIGH-FIBER DIETS ON PATIENTS WITH DIABETES
Two major approaches have been used to study the effects of fiber on carbohydrate metabolism in diabetes: the first uses purified fiber such as guar and pectin, and the second increases the fiber content of the diet with normally available fibers. There are many papers in the literature dealing with the role of dietary fiber in management of diabetes. All have made important contributions to understanding the possible role of fiber; however, it has been difficult to arrive at a consensus opinion because of the widely different strategies used to study the problem. Studies have used different types of fiber that may have very different effects, and the dose of fiber used has varied among studies. Soluble and insoluble fibers whose effects may counteract each other have been used in combination. Studies that examined acute effects or studies carried out for only short periods in a metabolic ward may not necessarily apply in the home or natural environment. Altering fiber and macronutrient content of the diet has led to difficulty in ascribing the effects to fiber alone. Separation of the effects of fiber from those of weight reduction, calorie restriction, carbohydrate restriction, and the initial level of diabetes control have all made interpretation difficult. Testing the effects of fiber on plasma lipids and lipoproteins has been inconsistent. The evaluation of responses based on the different reports with fasting blood glucose, post-prandial glucose, urinary glucose, and HbA, has been highly varied.
Several early investigators, including Jenkins et al. in Oxford (79,80), Levitt et al. in South Africa (7), and Goulder and colleagues in Britain (57,81), have demonstrated that the addition of the unabsorbable polysaccharides guar and pectin reduced postprandial glycemia in both normal and diabetic subjects, often with a reduced need for insulin secretion. The fibers that were most effective were those with the highest viscosity (40) , which may be related to an effect on the slowing of gastric emptying (40, 41) , or limited diffusion of digestive products (40, 42) . To be effective, the fiber had to be incorporated into the food (82), because fiber that was given in capsule (83) , sprinkled on food (84), or taken before a meal (85) was found to be ineffective. The ingestion of fiber with one meal was found to retard the hyperglycemia with a second meal (60) . Nonviscous fibers such as those found in wheat bran had less marked effects than the viscous fibers that were reported to be successful (27, 69, 86, 87) . The acute effects of fiber may be dose dependent. Both glucose and insulin responses were lowered in diabetic subjects given test meals supplemented with a total of 26 g guar and pectin. Glucose response fell 30% in IDDM and from 30 to 60% in noninsulin-dependent diabetes mellitus (NIDDM) with a 42 to 60% decrease in the insulin response (56, 79) . In the studies carried out by others, the reduction in the insulin response was not found with 9-18 g but did occur with 26 g, suggesting a dose-dependent effect (Fig. 1) .
Test-meal studies were followed up with short-term metabolic studies in which 14-26 g guar given daily, mixed with the food, reduced the urinary glucose and 3-hydroxybutyrate losses by 40% compared with the control period. In further studies with guar crispbread, relative reductions in fasting blood glucose were seen. Such findings were confirmed in longer-term studies with a guar granulate that demonstrated, in addition, improved postprandial blood glucose levels and lower insulin responses. Reduced urinary glucose levels and in- sulin requirements were sustained for studies lasting up to 1 yr.
Until recently, however, no acceptable purified fiber preparation was commercially available for clinical use. Currently, several preparations are available, and these have been employed in studies in Europe and more recently in the United States and elsewhere.
Several new studies from England, Ireland, and Finland were described at a Guar Symposium held in London in December 1985. Most studies showed beneficial effects of adding varying amounts of guar to the regular meal plan but were short term and not well controlled (88) .
INCREASING FIBER IN ORDINARY FOODS
Rather than supplementing diets with purified fibers, many investigators have studied the relationship of diet to diabetes control by modifying the traditional diabetic diet by use of ordinary foods high in fiber content. These diets generally contain substantial amounts of foods in which the carbohydrate is slowly digested and absorbed and could also be described as lente carbohydrate (89) . Legumes such as peas and beans produce the least rise in blood glucose (90). Anderson et al. (20) (21) (22) 77, 91) devised high-fiber diets that have been very successful in improving diabetic control. These diets contain 70% carbohydrate and 35 g dietary fiber/1000 kcal. Both IDDM and NIDDM patients on this regimen for 16-18 days showed significant decreases in both fasting and postprandial glucose concentrations. A majority of patients had decreased or discontinued insulin or sulfonylurea therapy (77,91). Those patients who followed high-fiber maintenance diets with 60% carbohydrate for up to 15-21 mo have shown additional reduction in fasting blood glucose levels that enabled further decrease or discontinuation of the hyperglycemic medication. Many obese subjects were able to decrease their insulin dose or discontinue sulfonylurea on the highcarbohydrate high-fiber diet. The greatest reduction in glucose levels and insulin doses, however, occurred in those who had the greatest degree of weight reduction (92) . In a 6-wk study, Simpson et al. (26) reported a modest reduction in fasting and postprandial glucose concentrations but a significant reduction in 24-h urine glucose on a diet containing large amounts of legumes. In this study and others, however, it was difficult to determine whether the improved glucose control was due to the high-carbohydrate content of the diet or the rate of digestion of the legume starch or the fiber (93).
LONG-TERM EFFECTS
Contrasting with these observations are those of an 8-wk metabolic study in which the amount and source of the carbohydrate were kept constant and the fiber was either low (11 g/1000 kcal) or high (27 g/1000 kcal) (94, 95) . No significant effects were found in glucose control, postprandial glucoses, or HbA, or in the insulin requirements in adult patients with NIDDM.
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The problems in interpreting findings is further illustrated by the impact of the associated carbohydrate content of the diet on the effects of fiber. Studies with guar had only demonstrated consistent effects in reducing urinary glucose levels where patients were on higher carbohydrate intakes. Riccardi et al. (74) studied the effects of three outpatient diets (low CHO, 42%, low fiber, 20 g; high CHO, 53%, low fiber, 16 g; and high CHO, 53%, high fiber, 54 g) over a 10-day period and found that improved glucose tolerance was observed only with the high-carbohydrate high-fiber diet.
Mann (61) examined 18 patients with NIDDM on a low-carbohydrate diet in a crossover design with a highcarbohydrate diet rich in cereal, vegetable, and fruit fiber. Each diet was carried out for a period of 6 wk and, after a metabolic profile, the diets were reversed for a further 6 wk, after which the volunteers were admitted for a final 24-h profile. Carbohydrate comprised 59% of the total energy, with 44 g total dietary fiber. In patients with IDDM as well as those with NIDDM a significant improvement was seen in fasting and preprandial blood glucose levels as well as in the HbA!. No significant change was found, however, in postprandial glucose levels. In a further series of experiments, the incorporation of substantial quantities of cooked dried beans into ordinary meals (e.g., haricot, red kidney beans, and lentils) as a source of soluble fiber was examined in both IDDM and NIDDM patients (93). Significant reduction was found in the basal, preprandial, 2-h postprandial, daily mean, and 24-h urine glucose excretion on this high-carbohydrate diet. In addition, total and low-density lipoprotein (LDL) cholesterol levels fell without any associated increase in triglyceride levels. High-density lipoprotein (HDL) cholesterol and HDL/LDL ratio tended to increase (28) .
These findings have been confirmed and appear to apply equally well to diabetic children (24) . These studies, however, were done in both NIDDM and IDDM patients who were relatively well controlled. Patients who had NIDDM were more prone to significant degrees of hypoglycemia; 6 wk of this high-carbohydrate diet caused a significant reduction in HbA, (from 10.6 to 8.5%), fasting glucose dropped from 9.6 to 6.8 mM, preprandial glucose from 9.9 to 7.5 mM, and the 2-h postprandial glucose from 12.1 to 10.8 mM. Mean 24-h blood glucose profile was also markedly improved, with a reduction from 11.6 to 9.3 mM (21).
In the 1970s, Brunzell et al. (95) showed that in nondiabetic subjects, patients with mild diabetes, and diabetic patients established on treatment, a high-carbohydrate formula feed containing principally dextrose was associated with lower blood glucose levels and insulin requirements than a low-carbohydrate high-fat formula. Simpson et al. (27) found that, on a diet of this nature, the postprandial glucose levels were significantly higher, and overall there appeared to be no difference in glycemic control between the two diets. Almost identical findings have been reported by Riccardi et al. (74). Thus, whereas digestible carbohydrate may have a small effect on fasting blood glucose levels or basal blood glucose levels, the predominant effect of high-carbohydrate highfiber diets results from the increase in dietary fiber. Furthermore, increasing carbohydrate but not dietary fiber results in a significant decrease in HDL cholesterol. For fiber to exert its optimum effect, it may have to be given as a part of a high-carbohydrate diet. Viscous fiber added to a low-carbohydrate diet of diabetic patients appears to have little effect (50) in contrast to the same fiber added to high-carbohydrate diets, where consistent improvements were seen.
FIBER ENRICHMENT OF HIGH-CARBOHYDRATE FOODS
Perhaps an ideal way to achieve the maximum fiber effect is to incorporate the most effective soluble fiber forms into starchy foods. The mixing that seems important to ensure maximum effectiveness of fiber is thereby achieved, and the higher carbohydrate content of the diet is also ensured. This was achieved early with guarenriched crispbread, and long-term studies became possible that had not been possible previously due to poor palatability of purified guar and pectin.
Gatti et al. (96) in Italy produced guar-enriched pasta that was fed in chronic studies to normal, diabetic, and hypercholesterolemic patients. A significant improvement in plasma glucose, daily glucose profile, and glycosuria was observed. In hyperlipidemic subjects a reduction of triglycerides and a significant hypocholesterolemic effect were demonstrated.
Thompson and colleagues (97) compared the acute response in 19 IDDM and NIDDM diabetic subjects to three test meals (white bread, control pasta, and guarenriched pasta), each containing 50 g available carbohydrate. They found the least postprandial rise in the group receiving guar pasta (4.4 ± 0.5 vs. 5.4 ± 0.4 mM in control pasta). Furthermore, guar significantly reduced the incremental glucose area under the 3-h glucose-response curve. Urinary C-peptide and urinary glucose were also significantly reduced by guar. No difference was seen between IDDM and NIDDM patients. The authors concluded that enriching commonly eaten foods with guar appears an effective method of reducing blood glucose levels and urinary glucose levels in diabetic patients.
FIBER AND HYPERLIPIDEMIA
Of major concern in NIDDM and more recently IDDM is the increased risk of atherosclerotic heart disease, a major cause of death (98) . The possible effects of fiber on bile acid metabolism have been alluded to above (99, 100) . Of the supplemental fibers, only the soluble fibers such as pectin, oat bran, and guar appear to have a cholesterol-lowering effect; 12-40 g of guar or pectin (19, 72) or 50-100 g of oat bran (75) have been found to consistently lower cholesterol in patients with hypercholesterolemia by -6-15%. These fibers have also been shown to lower LDL cholesterol without a rise in triglycerides (19, 69, 70, 72) . In studies with natural foods rather than supplements, a lipid-lowering effect can also be demonstrated if the diet is high in legumes (101, 102) . The rise in fasting triglyceride levels that accompany an early increase in carbohydrate intake can often be prevented by a simultaneous increase in fiber intake (103) . In one study in IDDM patients, addition of fiber significantly reduced serum cholesterol levels from 206 to 147 mg/dl without a change in triglyceride level (16) . In obese diabetic outpatients after high-carbohydrate highfiber diets, serum cholesterol and triglycerides were lowered, which may have been due partly to weight loss (92) .
Where diets high in legumes (76) or where increased proportions of soluble fiber in a variety of food sources (e.g., oats and barley) have been incorporated into the diet, levels of both serum cholesterol and triglycerides have fallen (79). Decreases in serum triglycerides in diabetic patients on increased-carbohydrate high-fiber diets were also reported by Anderson and Ward {77), who measured the lipid responses in diabetic patients after a diet containing 60% carbohydrate and high fiber for 15 mo. When fiber intakes were increased, serum triglyceride levels also fell from -250 to 126 mg/dl, and total LDL cholesterol and VLDL triglycerides decreased significantly in another group of patients on a high-fiber diet with 42% carbohydrate (78).
Long-term studies by Anderson and Ward {77) showed that home maintenance diets containing 55-60% carbohydrate, 20-25% fat, and 50 g plant fiber significantly reduced triglyceride concentrations while decreasing insulin requirements in insulin-requiring NIDDM patients. These diets were maintained for up to 4 yr (104). The exact contribution to the lipid changes of the decrease in insulin requirement, the weight loss, or the decrease in caloric intake is unknown.
fIBER SUPPLEMENTS
The international medical literature from 1975 to 1985 contains over 100 clinical studies on the therapeutic use of guar gum, primarily in the treatment of diabetes and hypercholesterolemia, and the vast majority confirm the promise shown in the earlier studies of Jenkins and colleagues. The only findings to contrast with these observations are those in which the fiber derived from natural foods or where a significant portion of the fiber was insoluble. In these cases, studies have been unable to show a reduction in serum lipids (4, 5, 74, 94, (105) (106) (107) (108) (109) (110) (111) (112) (113) (114) .
Fiber and obesity. The suggestion that the replacement of fiber-rich foods by those depleted in fiber was a factor in the obesity of Western countries stimulated interest in the use of fiber for treatment of obesity (14) . However, the potential role of fiber in preventing or treating obesity has remained an open question (115) (116) (117) (118) (119) (120) (121) (122) (123) (124) (125) (126) . At a recent symposium on fiber and obesity, investigators reported on the effects of fiber on weight reduction, satiety, and compliance with complex dietary restrictions (127) . These studies were in general carried out in large numbers of patients attending weight-loss clinics or in people on diets for various reasons. Although the results appear to be conflicting, they may be related to the dose of guar used.
In addition, where dietary advice is already being followed and in well-controlled studies, the effect of fiber supplementation may have been masked by adherence to a hypocaloric diet with weight loss in both test and control situations. Most agreed that fiber-treated patients were more compliant and experienced less hunger and greater satiety with their meals. Forster (128) suggested that fiber should be used in conjunction with diet and should not be relied on as the sole means of attempting weight reduction.
There are therefore some encouraging data to support the continued need to carry out long-term studies in a controlled manner to determine the safety and efficacy of fiber supplementation as a form of treatment of the obese diabetic patient. Fiber and pregnancy. There are few data available on the use of fiber in pregnancy. This is mainly due to the prevailing attitude in the United States that it is inappropriate to starve women during pregnancy. In the few studies that have been reported, fiber seems to be relatively safe. Paired oral glucose tolerance tests were performed during the third trimester of pregnancy in four gestational diabetic patients. Guar produced a significant reduction in mean serum glucose at 1, 2, and 3 h, and each of the four patients showed a normal glucose tolerance curve. The authors concluded "the improvement is sufficient to suggest a potential clinical value in the treatment of gestational diabetes" (129) . Fiber and the elderly. Age ranges of NIDDM patients in many of the studies described above frequently included patients ^65 yr of age. Kyllastinen and Lahikainen (130) supplemented the diet of 14 elderly (67-to 75-yr-old) diabetic patients on oral hypoglycemics with 16 g guar daily. They found a reduction (12.7%) in serum cholesterol, whereas serum calcium, magnesium, iron, and zinc were unchanged. The authors concluded that "in some elderly diabetics guar supplementation improved glycemic control" (130) . Patient-to-patient response was variable. Uusitupa et al. (108) similarly concluded a study in seven elderly patients (aged 65-81 yr), one on diet therapy, the others on oral hypoglycemics. The results showed that adding guar to the diet (5 g/meal) significantly reduced postprandial blood glucose levels in fairly well controlled subjects. Studies carried out in Toronto by Kay (131) also concluded that increasing the fiber intake from some foods was beneficial if well tolerated by elderly diabetic patients.
FACTORS TO CONSIDER IN ADDITION TO FIBER
High-fiber diets that contain substantial amounts of fiber-rich starchy foods have been successfully used by several investigators (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) . Whereas the effects were attributed to fiber, other studies indicated that the action may be complex and related to the physical form of the food, the ingestion of the previous meal, the type of food eaten, and the rate of release of carbohydrate from the food (40, 45, 50, 90, 115) .
The fact that not all carbohydrate foods produce the same glycemic response has long been recognized, especially in the German literature. Recently, attention has been drawn to this by several studies (132) (133) (134) (135) noting the very different glycemic responses generated by the starchy foods, potato, bread, rice, and corn. Most interesting was the fact that potatoes elicit a glycemic response similar to that of an equivalent amount of glucose, whereas parboiled rice elicits a much flatter response (132) . Further studies emphasized that the form of the food is important; i.e., parboiled rice produces a much flatter response than regular rice, and ground rice a much greater elevation of glucose and insulin levels than whole rice (135) . Presumably, grinding the rice has the effect of making the starch more available to amylolytic digestion. This effect is also seen with other cereals such as oats, wheat, and rye. Pureed apples also induce a much greater rise than whole apple (136) . As discussed elsewhere in this issue, studies on a variety of foods of equivalent carbohydrate content showed the glycemic response varied from 15 to 98%. Of special interest was the finding that, as a class, the legumes produce the lowest glycemic response (76), which may be due to the slow release of carbohydrate during digestion rather than to carbohydrate malabsorption (50, 103) .
Jenkins and colleagues (45, 90) have demonstrated in vitro, with human digestive juices, that some starchy foods release their products of carbohydrate digestion more slowly than others. There appears to be a good relationship between the rate of digestion of foods in vitro and the glycemic response elicited by the foods in both nondiabetic and diabetic people (137, 138) . The differences in responses to different foods may be related to many other components in foods that alter their digestibility, such as fiber, enzyme inhibitors, lectins, tannins, phytates, sugars, fats, proteins, and starches (89) . Interactions between different macronutrients (81) and the structure of food may alter the digestibility and produce very different glycemic responses. The effects of fat, especially in large amounts, on the rate of gastric emptying may certainly alter the glycemic response. Thus, analysis of the dietary fiber intake and even fiber type may not be sufficient to determine the response in any given situation (139) .
SIDE EFFECTS OF HIGH FIBER DIETS
Concerns have been raised about the vitamin and mineral status of people who change from a habitually low fiber diet to one rich in fiber. Studies of vitamin and mineral status in adults on high-fiber diets have not found evidence of deficiency (72, 140) .
In terms of soluble fiber supplements, Mclvor and colleagues (141) (142) and James et al. (65) have found no effects on serum calcium, magnesium, phosphate, iron, or urinary calcium excretion. Harmuth-Hoene (66) added 22.5 g of guar daily to a mixed diet for 12 days and found that this did not significantly influence nitrogen balance, mineral absorption, or digestible energy. These findings support similar observations in normal volunteers on metabolic diets.
A number of studies have been carried out to examine the absorption of important drugs such as digoxin, paracetamol, glipizide, and penicillin. Huupponen et al. (143, 144 ) have shown a reduction in peak levels of digoxin and penicillin but glipizide absorption was unchanged.
Nevertheless, it is possible, especially with diets rich in phytate and insoluble fiber, that absorption of calcium, iron, and zinc could be impaired and result in deficiencies if used for a long time in susceptible individuals (114) , although these deficiencies may have little significance in terms of energy balance. High-fiber diets have also been reported to cause small increases in fecal loss oi food energy in the form of nitrogen and fat (114) . Theoretically, vitamin B 12 and iron deficiency could result if the high-fiber diets are low in animal protein, but the abundance of epidemiological data points against this in traditional normal fiber diets.
Although there is no incontrovertible evidence that soluble fiber supplements or moderate increases in fiber intake from mixed sources causes malabsorption of macro-or micronutrients, it is prudent to caution against the unmonitored long-term use of fiber in individuals at risk, such as the elderly. Deleterious effects of recommended levels of fiber in pregnant or growing children are not known. No data are available on the effects on trace minerals such as cobalt, manganese, and chromium, which may have further ramifications for insulin sensitivity in NIDDM.
ADHERENCE TO MEAL-PLANNING REGIMENS
McCulloch and colleagues (145) studied 178 IDDM patients focusing on their understanding of, and compliance with, a controlled carbohydrate diet. They found that 40% could not remember their dietary prescription and 35% did not estimate carbohydrate and scored badly on a quiz on carbohydrate content of common foods. Quiz scores were significantly associated with HbA, levels. The authors concluded that "adequate dietary compliance is rare." To assess patients' perception of advice, Cantrill and Wright (146) interviewed 56 diabetic patients managed at diabetic clinics and a matched group of 58 diabetic patients managed in general practice. Thirty-one percent of the general practice group and 7% of the hospital group claimed to have received no dietary advice from any source since diagnosis. Of the 18 patients who monitored their blood glucose, all were insulin dependent. Fifteen of the general practice group and 16 of the hospital group did not monitor blood or urinary glucose. Of those who monitored urinary glucose, only 44% recorded the results, hospital patients recording most frequently. Of 11 patients for whom a high-carbohydrate high-fiber diet was prescribed, adherence was evaluated over a 4-yr period. Nine patients had good to excellent adherence, one had fair adherence, and one had poor adherence. In the studies reported on fiber in the management of obesity, 67% of patients on fiber adhered to the weight-reduction program and could satisfy their hunger and satiety needs, whereas only 27% on the weight-reduction program without fiber adhered to the program and lost weight. It does seem that availability of a low-calorie, guar-enriched supplement may help individuals adhere to a severely calorie-restricted meal plan.
RECOMMENDATIONS FOR THE USE OF FIBER
With the recommendation of restricting fat intake to <30% and a protein intake of 0.8 g/kg (12-20% of total kcal) there is a need to increase carbohydrate to 50-60% of the caloric intake. This amount of refined carbohydrate can have deleterious effects on glucose and lipoproteins. Evidence suggests that fiber may offer some improvement in carbohydrate metabolism and lower total cholesterol, LDL cholesterol, and triglycerides. Fiber may also contribute to lower blood pressure and enhance weight loss in obese subjects on hypocaloric diets. Estimates of the current dietary fiber intake of adults in the United States range from 13 to 30 g/day, with men averaging 19.1 g/day and women 13.4 g/day. A practical goal would be to establish the current intake and gradually increase it toward a goal of doubling the intake. Fiber should be taken in a range of foods to include both soluble and insoluble forms. Fiber supplementation appears to provide benefit only if given with a diet comprising at least 50% of calories as carbohydrate. Foods should be selected with moderate to high amounts of dietary fiber. The 1986/1987 exchange lists compiled by the American Diabetes Association in conjunction with the American Dietetic Association use a symbol to indicate foods with a fiber content of at least 3 g per serving. These foods include legumes, roots, tubers, green leafy vegetables, all types of whole-grain cereals (including wheat, barley, oats, corn, and rye), and fruits. Fruits and vegetables should be eaten raw and not pureed, which causes loss or reduction of the fiber effect. Abdominal cramping, discomfort, and flatulence can be minimized by starting with small servings and increasing gradually. Insufficient data are available on the long-term safety of very high fiber diets or fiber supplements, although, to date, there are no deleterious reports. People at risk of deficiencies, e.g., postmenopausal women, the elderly, and growing children, may require supplements of calcium and trace minerals. Subjects with upper gastrointestinal dysfunction are at risk of bezoar formation and should be cautioned against a diet high in leafy vegetables such as cabbage. Careful attention must be paid to insulin dose, because hypoglycemia can result if the dose is not reduced appropriately. Children may also benefit from an increase in the fiber content of their diets but may not tolerate large amounts. Pregnant diabetic women appear to tolerate fiber well, but there are too few studies to advise for or against its use in pregnancy. Care must be exercised in the use of novel fibers, because little is known of their safety or efficacy.
SUMMARY
Whereas there is still considerable controversy over use of the high-fiber diet in treatment of diabetes and some feel that it is premature to impose these diets on the diabetic population, others have strong convictions about the benefits to be obtained. These diets appear to have been most effective in patients taking fewer than 30 U of insulin daily or in NIDDM patients who are being treated with a diet or a sulfonylurea agent. Hyperlipidemia has clearly shown benefit in some patients taking large quantities of fiber. In obese subjects, dietary fiber may aid in weight control by slowing the rate of food ingestion, inducing satiety, and decreasing the caloric density of the diet. However, these options should be made available to patients with diabetes only after detailed discussion with the health-care providers, including the physician and the nutritionist, to determine whether individuals can comply with the diet day to day. A thorough discussion of the data, the possible benefits, and untoward effects of the diet is essential. In-depth counseling and individualizing meal plans for each patient's need, with the provision of extensive recipes and information on the dietary content of foods as well as what is known of their physiologic effects, are essential for successful use of this dietary approach to treatment.
Although much has been learned in the last few years about the role of fiber in the management of the patient with diabetes, much has yet to be learned. Central to the whole issue is the long-term safety of high-fiber diets. The impact on calcium, trace mineral metabolism, and vitamins needs to be defined. Because patients with diabetes may be at risk for osteopenia, it seems prudent to avoid an additional risk of negative calcium balance.
Information on the interactions of different fibers with each other and the macronutrients of the diet is sorely needed. Comparisons are needed of the effects of dietary supplements of fiber and natural selection of highfiber foods with measurement of standardized variables, e.g., HbA,, glucose profiles, C-peptide, cholesterol (LDL and HDL), and triglycerides.
New insights into the physiologic effects of fiber in the small intestine and the colon and the role of the short-chain fatty acids that are generated will help in the understanding of their mechanism of action.
For the guidance of the individual and the general public, honest labeling of food products should be encouraged. Guidelines should be established for the standardization of the techniques for measurements and for validation of physiologic effects claimed for highfiber products. The novel fibers that are appearing need to undergo as close and circumspect a scrutiny as was directed at the naturally occurring fibers. 
